To analyze the long-term outcome of patients included in the Lymphome Non Hodgkinien study 98-5 (LNH98-5) comparing cyclophosphamide, doxorubicin, vincristine, and prednisone (CHOP) to rituximab plus CHOP (R-CHOP) in elderly patients with diffuse large B-cell lymphoma. , and prednisone 40 mg/m 2 for 5 days) every 3 weeks. In R-CHOP, rituximab 375 mg/m 2 was administered the same day as CHOP. Survivals were analyzed using the intent-to-treat principle.
INTRODUCTION
Diffuse large B-cell lymphoma (DLBCL) is the most frequently diagnosed non-Hodgkin's lymphoma (NHL), and more than 50% of these patients are older than 60 years. The cyclophosphamide, doxorubicin, vincristine, and prednisone (CHOP) regimen has been considered the gold standard treatment for patients with DLBCL for more than 25 years. Third-generation regimens, despite their promising initial results, did not prove to be better than the standard CHOP regimen. [1] [2] [3] Dose-intense CHOP-like regimens or highdose therapy followed by autologous stem-cell transplantation (ASCT) prolong survivals in high-risk patients but these treatments have an increased toxicity in elderly patients. 4, 5 Rituximab (MabThera; Rituxan Roche, Neuilly-sur-Seine, France), is a chimeric human/murine immunoglobulin G1 monoclonal antibody that binds specifically to the B-cell-surface antigen, CD20. The antibody induces lymphoma cell lysis through different immunologic or direct mechanisms, complement-mediated cytolysis, antibodydependent cell cytotoxicity, and induction of apoptosis, and acts synergistically with chemotherapy. [6] [7] [8] [9] In phase II studies, rituximab has demonstrated efficacy in DLBCL alone and in combination with the CHOP regimen (R-CHOP). 10, 11 In 2002, we published the first analysis of the Groupe d'Etude des Lymphomes de l'Adulte (GELA) Lymphome Non Hodgkinien study with a 2-year follow-up showing that the addition of rituximab to CHOP chemotherapy significantly increases the rate of complete response (CR), decreases the rates of treatment failure and relapse, and improves event-free survival (EFS) and overall survival (OS) compared with standard CHOP alone in elderly patients with DLBCL. 12 Because the LNH98-5 study was the first study to show a survival benefit of R-CHOP compared with CHOP chemotherapy, extended follow-up is important to determine whether the survival benefit is maintained over time and whether a definitive effect on cure rates can be shown. We report the updated results of the LNH98-5 study with a median follow-up of 5 years.
PATIENTS AND METHODS

Patients
Patients were eligible for enrollment if they were 60 to 80 years old and had previously untreated DLBCL according to the WHO classification. 13 Patients were also required to have stage II, III, or IV disease and performance status 0 to 2 according to the Eastern Cooperative Oncology Group scale. Patients were excluded from the trial if they had T-cell lymphoma; a previous history of indolent lymphoma, CNS or meningeal involvement; a history of active cancer during the previous 5 years; any serious active concomitant disease; or if in the opinion of the investigator, their general status did not allow the administration of eight courses of CHOP. Patients were also excluded from the trial if they had a cardiac contraindication to doxorubicin (abnormal contractility on echocardiography), or a neurologic contraindication to vincristine. Finally, patients with positive serology for HIV or a history of unresolved hepatitis B virus infection (defined by the presence of HBs antigen or HBc antibody without HBs antibody) were not included. Patient enrollment was based on the diagnosis of DLBCL at each study center, but a panel comprising at least three hematopathologists conducted a central pathology review to confirm the diagnosis of CD20-positive DLBCL. Characteristics of the 399 patients included in this study are summarized in Table 1.   12 Staging comprised clinical examination, thoracic and abdominal computed tomography scans, blood counts, measurements of lactate dehydrogenase and beta 2 -microglobulin serum levels, bone marrow biopsy, ECG, echocardiography in patients with a history of cardiac disease or in patients older than 75 years, and CSF examination in patients with bone marrow infiltration or head and neck involvement, or if otherwise clinically indicated.
This study complied fully with all provisions of the Declaration of Helsinki and was conducted in accordance with Good Clinical Practice rules. All patients gave written informed consent to participate.
Random Assignment to Treatment
Patients were centrally randomly assigned to treatment with CHOP or R-CHOP after stratification according to center and age-adjusted International Prognostic Index (aaIPI) scores (scores 0 or 1 v 2 or 3).
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Treatment
Patients treated with CHOP received cyclophosphamide 750 mg/m 2 , doxorubicin 50 mg/m 2 , and vincristine 1.4 mg/m 2 up to a maximum dose of 2 mg on day 1, with prednisone 40 mg/m 2 /d on days 1 to 5. Patients were treated every 3 weeks for eight cycles. Patients treated with R-CHOP received rituximab 375 mg/m 2 on day 1 for each of the eight cycles. Rituximab infusion was interrupted in the event of fever, chills, edema, mucosa congestion, hypotension, or any serious adverse event, and it was resumed or platelets lower than 100,000/mm 3 before a cycle, the cycle was delayed for up to 2 weeks. If the patient's neutrophil and platelet counts did not increase above these levels after 2 weeks, chemotherapy was discontinued. For patients receiving R-CHOP, rituximab was discontinued if CHOP was discontinued. Subsequent treatments for patients withdrawn from CHOP or R-CHOP therapy were administered at the discretion of the investigator.
Follow-Up
Response to treatment was evaluated after four and eight treatment cycles, or after the planned treatment was discontinued. Thereafter, clinical examination was performed every 3 months for the first 2 years, then every 6 months for the next 3 years, then at the discretion of the investigator. A thoracic and abdominal computed tomography scan was performed after 3 months, then every 6 months during the first 2 years, then annually for 3 more years.
Outcome Measures
The primary efficacy parameter was EFS. Events were defined as disease progression or relapse, institution of a new (unplanned) anticancer treatment, or death as a result of any cause without progression. Secondary efficacy end points included OS, progression-free survival (PFS), disease-free survival (DFS), response rates, and toxicity. The definition of PFS was almost identical to that of EFS with the exception that late deaths not related to lymphoma or its treatment were not counted as treatment failure.
15 DFS only includes patients who reached a CR or undocumented CR (CRu) at the end of the treatment. EFS, PFS, and OS were calculated as the time from random assignment to the date of the first reported event. DFS was calculated as the time from response assessment to the date of the first reported event. Patients with no reported event at the time of analysis were censored at the most recent assessment date. Tumor responses were classified as CR, CRu, partial response, stable disease, or progressive disease according to the proposed International Workshop criteria. 15 Survival for patients experiencing disease relapse was defined as duration from first day of the new treatment to time of death or last visit.
Statistical Analysis
Sample size was calculated on the basis of the primary end point or EFS. On the basis of various results obtained in previous studies with CHOP chemotherapy in this patient population, a conservative 3-year EFS rate of 30% was assumed for the CHOP regimen. 1 To detect an increase in the 3-year EFS rate from 30% to 45%, it was calculated that 400 patients recruited during 3 years and observed for a minimum of 1 year would be required to provide 80% power at the overall 5% (␣ ϭ .05, two sided) significance level. One patient was not included in the analyses because she withdrew her informed consent. EFS, PFS, DFS, and OS were analyzed using the log-rank test and expressed as Kaplan-Meier plots. Analyses of efficacy and safety included all 399 patients randomly assigned between August 1998 and March 2000 and followed the intent-to-treat principle. Statistical analyses were performed with SAS software (SAS Institute, Cary, NC) by the GELA statistical office. All P values are two tailed.
RESULTS
Patient Characteristics and Response to Treatment
Initial characteristics of the 399 enrolled patients are summarized in Table 1 . The median age of the patients at time of inclusion was 69 years. Response rates as previously published were 75% and 63% for CR and CRu, 8% and 6% for incomplete responses (partial response and stable disease), 9% and 22% for progressive disease, and 6% and 6% for death during treatment for patients treated with R-CHOP and CHOP, respectively (P ϭ .005).
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EFS
With a median follow-up of 5 years, 248 events have been observed, 106 (52.5% of the patients) in the R-CHOP arm and 142 (72% of the patients) in the CHOP arm (Table  2) . Fewer events were observed during treatment in the R-CHOP arm, as reported previously.
12 Over time, more patients experienced disease relapse in the CHOP arm than in the R-CHOP arm (34% v 20%; 2 test, P Ͻ .0001). More patients died in continuous CR in the R-CHOP arm (8%) compared with the CHOP arm (2.5%; 2 test, P ϭ .33). However, many of these patients were elderly and most of the deaths were not related to the lymphoma or its treatment but to concomitant diseases already present before the diagnosis of lymphoma or diseases that appeared subsequently, such as solid tumors. No specific pattern of causes of death was observed in these patients: three deaths were related to lymphoma treatment (Table 3) , two deaths were related to severe infections, and one death was related to acute myeloid leukemia, all in R-CHOP patients. Five patients died as a result of secondary cancers (three in the CHOP arm and two in the R-CHOP arm). One and nine cardiovascular-related deaths were observed in CHOP and R-CHOP patients, respectively. At the time of analysis, 96 patients (47.5%) in the R-CHOP arm and 55 patients (28%) in the CHOP arm were in continuous CR. The median EFS was 3.8 years (95% CI, 2.37 to not reached) in R-CHOP patients compared with 1.1 years (95% CI, 0.8 to 1.5) in CHOP patients (P ϭ .00002; Fig 1A) . The 5-year EFS was 47% (95% CI, 39.9% to 54.1%) in R-CHOP patients compared with 29% (95% CI, 23.1% to 35.8%) in CHOP patients.
In addition, a stratified analysis according to aaIPI showed the superiority of R-CHOP over CHOP in terms of EFS in low-risk patients (5-year EFS, 63% v 34%; P ϭ .00085) as well as in high-risk patients (41% v 27%; P ϭ .0037; Fig 2A) .
PFS
PFS is a more accurate end point to describe diseaserelated long-term survival because it does not take into account death in continuous CR not related to lymphoma or its treatment.
15 In this regard, 14 patients in the R-CHOP arm and five in the CHOP arm that were counted as having had treatment failure events in the analysis of EFS died as a result of diseases that were not related to lymphoma or its treatment (Table 3 ) and were censored for the PFS analysis. Median PFS was not reached (95% CI, 3.4 to not reached) for R-CHOP patients compared with 1 year (95% CI, 0.8 to 1.5) for CHOP patients (P Ͻ .00001; Fig 1B) . The 5-year PFS was 54% (95% CI, 46.8% to 61.1%) in R-CHOP patients compared with 30% (95% CI, 24.4% to 37.3%) in CHOP patients. Stratified analysis according to aaIPI showed the superiority of R-CHOP over CHOP in terms of PFS in low-risk patients (5-year PFS, 69% v 34%; P ϭ .00013) as well as in high-risk patients (47% v 29%; P ϭ .00078; Fig 2B) .
DFS
DFS analyzes the time to relapse in patients who reached a CR or CRu. 15 Patients who died as a result of a non-lymphoma-related reason without disease progression were not counted as having had an event. Median DFS was not reached (95% CI, not reached to not reached) for R-CHOP patients compared with 2.45 years (95% CI, 1.49 to not reached) for CHOP patients (P ϭ .00031). The 5-year DFS was 66% (95% CI, 56.2% to 74.0%) in R-CHOP patients compared with 45% (95% CI, 36.6% to 55.3%) in CHOP patients.
OS
Death as a result of any reason occurred in 107 patients after CHOP treatment compared with 85 patients after R-CHOP treatment, and was mostly related to lymphoma Fig 1C) . The 5-year OS was 58% (95% CI, 50.8% to 64.5%) in R-CHOP patients compared with 45% (95% CI, 39.1% to 53.3%) in CHOP patients. Stratified analysis according to aaIPI showed the significant superiority of R-CHOP over CHOP in terms of OS in low-risk patients (5-year OS, 80% v 62%; P ϭ .023). However, the difference in high-risk patients was only of borderline significance (48% v 39%; P ϭ .062; Fig 2C) .
Progression and Salvage Therapy
Of the 399 patients, 202 (50.6%) experienced relapse or progression, including 125 (63%) in the CHOP arm and 77 (38%) in the R-CHOP arm. These patients received different salvage chemotherapy regimens according to each center policy: 14 and three patients were not treated at the time of progression in the CHOP and R-CHOP arms, respectively. Rituximab was not initially available in France and Belgium to treat DLBCL patients who experienced relapse and patients only received standard therapy. Later, rituximab was registered and became available to treat DLBCL: as a result, 22 (20%) of the 109 treated patients in the CHOP arm and nine (12%) of 73 in the R-CHOP arm received rituximab-containing salvage chemotherapy. This explained a difference between the group of patients treated with or without rituximab plus chemotherapy at time of relapse: patients treated without rituximab had a significantly shorter duration of response to CHOP/R-CHOP (P Ͻ .01). Otherwise the clinical characteristics and response to initial treatment were comparable in both groups. Salvage chemotherapy regimens were mainly dexamethasone, cisplatin, and cytarabine; etoposide, cytarabine, cisplatin, and methylprednisolone; or ifosfamide, carboplatin, and etoposide regimens. Only one patient received autologous transplantation after salvage therapy.
The 2-year survival rates of re-treated patients were not statistically different for the two initial randomization arms (26% and 31% in R-CHOP and CHOP arms, respectively; Fig 1. (A) Event-free survival, (B) progression-free survival, and (C) overall survival with a median follow-up of 5 years in patients treated with cyclophosphamide, doxorubicin, vincristine, and prednisone (CHOP), and rituximab plus CHOP (R-CHOP). Log-rank test P values are ϭ .00002, Ͻ .00001, and ϭ .0073, respectively. P ϭ .83). However, there was a statistically significant difference for survival if patients received a salvage regimen containing rituximab or not: patients treated with a rituximabcontaining regimen had a 2-year survival of 58% compared with 24% for those treated without rituximab (log-rank test, P ϭ .00067; data not shown). Figure 3 shows the survival of these patients according to the randomization groups (CHOP and R-CHOP) and to salvage regimens (with or without rituximab). In the CHOP arm, the benefit of the addition of rituximab at time of salvage therapy is , and overall survival (C) with a median follow-up of 5 years of patients treated with cyclophosphamide, doxorubicin, vincristine, and prednisone (CHOP) and rituximab plus CHOP (R-CHOP) according to the age-adjusted International Prognostic Index score at diagnosis: (1) low-risk patients (scores 0 and 1); (2) high-risk patients (scores 2 and 3). All differences are statistically significant except for overall survival in high-risk patients: P values are .00085, .0037, .00013, .00078, .023, and .062, respectively. statistically significant (log-rank test, P ϭ .002), whereas it is not statistically significant in the R-CHOP arm (log-rank test, P ϭ .23). However, only nine patients received a second regimen with rituximab in the R-CHOP arm. If we only analyzed the 64 patients with duration of response to CHOP/R-CHOP longer than 1 year, patients treated with rituximab have a statistically significantly longer survival than patients treated without rituximab at time of relapse (P ϭ .016; median survival not reached compared with 1 year, respectively). Patients who were refractory to chemotherapy (response to CHOP/R-CHOP less than 1 year) did not show a difference in survival according to salvage treatment.
Toxicity
As previously reported, rituximab did not add toxicity to the CHOP regimen.
12 There was a trend to increased occurrence of infections in all R-CHOP patients after the end of treatment (12 in R-CHOP v six in the CHOP group). Deaths without disease progression were more frequent in R-CHOP patients. No specific pattern of causes of death was observed (Table 3) .
Nineteen patients have presented a second tumor, 10 in the CHOP group and nine in the R-CHOP group. Two of them might be considered related to treatment: one myelodysplastic syndrome in a CHOP patient and one acute myeloid leukemia in an R-CHOP patient. No pattern was observed for solid tumors, with five lung; three renal; two melanoma and colon; and one each ovarian, prostate, head and neck, cutaneous, and breast cancers.
DISCUSSION
In this update, we report the long-term results of the first randomized trial with rituximab in combination with chemotherapy in lymphoma, the results of which were published previously with a median follow-up of 2 years.
12 The updated analysis with a median 5-year follow-up confirmed previous results showing a significant prolongation of EFS, PFS, DFS, and OS for patients treated with R-CHOP compared with those treated with CHOP alone. The longer survivals observed in the R-CHOP group is due to lower rates of disease progression during therapy and lower rates of relapse after reaching a CR. Importantly, the EFS, PFS, DFS, and OS curves for R-CHOP and CHOP alone remained separated throughout the follow-up period, indicating that the benefit of combining rituximab with CHOP is durable and translates into an increase in the number of patients who are cured of their lymphoma. After a median follow-up of 5 years, 26% more patients were alive in the R-CHOP arm than in the CHOP arm.
Subgroup analysis showed superior EFS and PFS in patients with both high-and low-risk aaIPI scores. However, we observed a statistically significant superiority of OS only in low-risk aaIPI patients but not in high-risk aaIPI patients, mainly due to a higher mortality rate in high-risk patients from diseases unrelated to lymphoma. As our patients became older, we observed more deaths in CR, particularly in patients treated with R-CHOP, even if there was not a statistically significant difference between the two arms. Most of the CHOP patients died after disease progression, whereas R-CHOP patients did not experience disease relapse. As a logical consequence, patients in the latter group died from other, non-lymphoma-related diseases. We observed that patients with concomitant diseases or those with poor performance status at the time of diagnosis are more prone to die in CR, a fact that is also observed in the general population. We do not believe that this is related to the treatment received by our patients but rather to the fact that our patients followed a typical natural life history.
Since the first publication of our results, several randomized studies testing the addition of rituximab to chemotherapy in different settings have been presented. The Intergroup study (Eastern Cooperative Oncology Group 4494) was more complicated to analyze because of a double randomization, initially between CHOP and R-CHOP, and secondarily for responding patients between no additional treatment and a maintenance treatment with rituximab for 2 years. 16 These patients received half of the rituximab dose administered in our study. Patients treated with R-CHOP seemed to do better than those treated with CHOP only, and rituximab maintenance was mainly effective in patients who did not receive rituximab previously. These results might be interpreted as consistent with our findings but a longer follow-up is certainly necessary to draw any final conclusion. Sehn et al 17 reported a Canadian population-based retrospective analysis comparing outcomes of 294 DLBCL patients treated with a CHOP-like regimen or R-CHOP-like regimen. Dose and schedule of rituximab administration were similar to the LNH98-5 study. With a median 2-year follow-up, the authors showed that the addition of rituximab to CHOP has resulted in a dramatic improvement in outcome, both in young and elderly patients. Finally, the MabThera International Trial study showed a similar benefit for the combination of rituximab and CHOP-like chemotherapy in young patients with low-and low-intermediate-risk DLBCL. 18 Other studies have been conducted in patients with follicular lymphoma or mantle-cell lymphoma and showed the same benefit for the combination of rituximab plus chemotherapy. 19, 20 These data represent a real breakthrough in the treatment of lymphoma patients and suggest that R-CHOP should become the new standard treatment for patients with DLBCL.
Adverse events were not increased in patients treated with the combination of rituximab plus chemotherapy compared with chemotherapy alone, suggesting that rituximab is well tolerated. Other studies recently published have confirmed this low toxicity. We did not observe any difference between the incidence of secondary hematologic and nonhematologic cancers in the two regimens. Life-threatening or fatal cardiac events were also similar in both arms of the study.
High-dose therapy followed by ASCT is the treatment of choice for patients with relapsed DLBCL who are still responding to salvage therapy. 21, 22 However, elderly patients are usually not candidates for ASCT because of age and comorbidity, and a regimen that is easily tolerated yet provides a reasonable response rate may be an attractive alternative to more toxic regimens. Rituximab has been shown to be active both as a single agent and in combination with chemotherapy in relapsed or resistant DLBCL. 10, 23, 24 An early phase II study evaluating the combination of rituximab with the etoposide, prednisone, vincristine, cyclophosphamide, and doxorubicin regimen in 50 heavily pretreated patients showed a response rate of 64%. 25 The EFS and OS at 2 years was 36% and 52%, respectively, with a median EFS and OS of 14 and 29 months, respectively. Our study provides the opportunity to evaluate the rituximab efficacy in patients experiencing relapse who did or did not receive rituximab previously. Although it was not a randomized study, our results support the idea that combined chemotherapy plus rituximab could improve OS when compared with chemotherapy alone in this setting. However, because of the low number of patients re-treated with rituximab, we cannot make a definitive conclusion regarding these patients.
Future studies should focus on decreasing the relapse rate without increasing toxicity in these elderly patients. Rituximab administered as maintenance therapy in patients with CR might decrease the relapse rate by increasing the quality of the response. This modality certainly should be tested in a study designed specifically to answer this question, even if the preliminary results of the Intergroup study seem to invalidate this hypothesis. Although difficult to perform in elderly patients, dose intensification of the CHOP regimen by increasing doses or shortening the administration schedule with G-CSF support could be another way to increase the CR rate and to decrease the relapse rate. 5, 26, 27 ■ ■ ■
